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http://dxBackground: Ventricle retraining with abrupt systolic overload can cause myocardial edema and necrosis, fol-
lowed by late ventricular failure. Intermittent systolic overload could minimize the inadequacy of conventional
pulmonary artery banding. The present study compared ventricle function under dobutamine stress in 2 proto-
cols of systolic overload in young goats.
Methods: Nineteen young goats were divided into 3 groups: sham (n ¼ 7; no systolic pressure overload), con-
tinuous (n¼ 6; systolic overload maintained for 96 hours), and intermittent (n¼ 6; 4 periods of 12-hour systolic
overload, paired with a 12-hour resting period). Echocardiographic and hemodynamic evaluations were per-
formed daily. The myocardial performance index and ejection fraction were evaluated at rest and during dobut-
amine stress. The goats were then killed for morphologic evaluation.
Results: The intermittent group underwent less systolic overload than the continuous group (P<.05). Neverthe-
less, both groups had increased right ventricular and septal masses compared with the sham group (P<.0002).
Echocardiography revealed a major increase in right ventricular wall thickness in the intermittent group
(þ64.8% 23.37%) compared with the continuous group (þ43.9% 19.26%; P¼ .015). Only the continuous
group remained with significant right ventricular dilation throughout the protocol (P<.001). The intermittent
group had a significantly better myocardial performance index at the end of the protocol, under resting and do-
butamine infusion, compared with the continuous group (P<.012).
Conclusions: Both systolic overload protocols have induced rapid right ventricular hypertrophy. However, only
the intermittent group had better preservation of right ventricular function at the end of the protocol, both at rest
and during dobutamine infusion. (J Thorac Cardiovasc Surg 2013;145:1345-51)Supplemental material is available online.E
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SIn developing countries, the number of patients with trans-
position of the great arteries (TGA) presenting beyond the
neonatal period is still considerable. In this scenario, com-
plete anatomic repair must be preceded by left ventricle re-
training with pulmonary artery banding, to enable the
ventricle to handle the systemic circulation. Concern is in-
creasing about the quality of subpulmonary ventricle re-
training, aiming at the most physiologic hypertrophic
process to avoid late ventricular dysfunction.1e Radiology Institutea and Heart Institute,b University of S~ao Paulo Medical
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The Journal of Thoracic and CarPrevious studies have looked for better alternatives to
subpulmonary ventricle retraining. It has been demon-
strated in a young animal model that intermittent systolic
overload, in agreement with athletic philosophy, has pro-
moted more prominent hypertrophy, compared with contin-
uous systolic overload.2,3 However, these studies assessed
global right ventricular (RV) systolic function only at rest,
without showing any significant differences between the
systolic overload protocols.
Nevertheless, the evaluation of RV function is difficult to
image because of its complex morphology. Although car-
diac magnetic resonance imaging is currently considered
the reference technique for RV volumetry and calculation
of the ejection fraction, various echocardiographic parame-
ters can provide reliable information on RV dimensions and
RV systolic and diastolic function in daily clinical practice.4
Therefore, the myocardial performance index (MPI) has
been proposed as a relatively simple method to assess the
combined systolic and diastolic performance of the right
ventricle simultaneously, at rest and under dobutamine
stress.5
The present study aimed at a more detailed echocardio-
graphic assessment of subpulmonary ventricular function
in 2 different protocols of systolic overload, using MPI
and a pharmacologic stress technique.diovascular Surgery c Volume 145, Number 5 1345
Abbreviations and Acronyms
LV ¼ left ventricular
MPI ¼ myocardial performance index
PAB ¼ pulmonary artery banding
PT ¼ pulmonary trunk
RV ¼ right ventricular
RVEDV ¼ RV end-diastolic volume
RVEF ¼ RV ejection fraction
RVMPI ¼ RV myocardial performance index
TGA ¼ transposition of the great arteries
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SMETHODS
Nineteen young goats, aged 30 to 60 days were enrolled in the present
study and divided into 3 groups of comparable weight (P ¼ .84): sham
(n ¼ 7; weight, 12.00  2.65 kg), continuous (n ¼ 6; weight, 11.27 
3.20 kg), and intermittent (n ¼ 6; weight, 11.98  1.07 kg). All goats re-
ceived humane care in accordance with the guidelines established by the
Brazilian College of Animal Experimentation. The ethics committee for re-
search protocols at the University of S~ao Paulo School of Medicine re-
viewed and approved the present study (CAPPesq 0664/09).
ANESTHESIA
Anesthesia was induced with intramuscular ketamine (20
mg/kg) and maintained with ketamine (1 mg/kg intrave-
nously) and nembutal (5 mg/kg intravenously) on demand.
The goats were intubated and mechanically ventilated (Har-
vard 708, South Natick, Mass). An electrocardiogram was
recorded and blood pressure measurements were taken
with computer software (ACQknowledge, version 3.01; Bi-
opac Systems, Inc, Goleta, Calif). Antibiotic therapy (ceph-
azolin 500 mg intravenously and gentamicin 40 mg
intramuscularly) was administered just before the operation
and maintained during the protocol. Digoxin (0.01 mg/kg)
and heparin (5000 IU) were also administered throughout
the protocol. All the goats were extubated right after the sur-
gical procedure and remained ambulatory and breathing
spontaneously throughout the protocol.
SURGICAL PROCEDURE
The chest was opened at the fourth left intercostal space
to expose the RVoutflow tract, after lung retraction. A 17-
gauge heparinized catheter was inserted in the RV outflow
tract, pulmonary trunk (PT), and descending aorta for pres-
sure measurements at specific intervals during the entire
study. The adjustable pulmonary artery banding (PAB) sys-
tem (SILIMED; Silicone e Instrumental Medico-Cirurgico
e Hospitalar Ltda, Rio de Janeiro, Brazil) was implanted
just beyond the pulmonary valve, as previously described.6
RV SYSTOLIC OVERLOAD PROTOCOL
RV training was begun after a 72-hour convalescence pe-
riod with percutaneous PAB insufflation with saline solu-
tion to achieve an RV/systemic pressure ratio of 0.7,1346 The Journal of Thoracic and Cardiovascular Surlimited by a 10% decrease in systolic blood pressure. Read-
justments were made every morning throughout the proto-
col. If systemic hypotension and/or respiratory distress
developed after PAB inflation, it was deflated to a volume
compatible with RV tolerance and maintenance of goat he-
modynamics. A 96-hour study period has been previously
established as the minimum time required for cardiac
masses equalization in young goats.7
Continuous Group Protocol
In the continuous group, the goats remained with contin-
uous systolic overload for 96 hours, with daily assessment
to keep the RV/aortic pressure ratio at 0.7. Hemodynamic
data were collected once daily (mornings) during PAB
readjustments.
Intermittent Group Protocol
In the intermittent group, the goats underwent 4 daytime
periods of 12-hour systolic overload, alternating with
a 12-hour nighttime resting period. Hemodynamic data
were collected every 12 hours, during PAB readjustments.
Sham Group Protocol
In the sham group, the PAB system was maintained de-
flated during the entire protocol. Hemodynamic data were
collected once daily (mornings).
ECHOCARDIOGRAPHY
All the goats while under light sedation (ketamine 15 mg
intramuscularly) were examined by a single experienced
observer preoperatively and daily throughout the study
and monitored continuously with surface electrocardiogra-
phy. The following echocardiographic parameters were
studied using multifrequency transducers (7.5 and 2.5
MHz, Acuson Cypress; Siemens, Erlagen, Germany): left
ventricular (LV), RV, and ventricular septum wall thick-
nesses, RV end-diastolic volume (RVEDV) and RV end-
systolic volume, RV end-diastolic diameter, RV ejection
fraction (RVEF), and RV MPI (RVMPI).
Because of the keel structure of the goat thorax, the RV
free wall thickness was taken from the parasternal long-
axis 4-chamber view and from the parasternal short-axis
view (at basal and papillary muscle levels), where the limits
of the RV free wall were more easily obtained. The LVend-
diastolic posterior and septalwall thicknessesweremeasured
through the parasternal long-axis view, at the level of the mi-
tral valve leaflet tips. All thewall thicknesses weremeasured
using 2-dimensional technique, under resting conditions.
Also, from the long-axis, 4-chamber view, the RVEF was
measured by the modified Simpson rule. The RVMPI was
calculated from pulsed wave Doppler of RV inflow and out-
flow tracts, positioning the sample volume at the level of the
tricuspid and pulmonary valve leaflet tips, respectively, as
previously described by Ishii and colleagues.8 This indexgery c May 2013
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and relaxation) and represents the assessment of RV systolic
and diastolic function. It was obtained at rest and during
pharmacologic stress with dobutamine, according to the
following formula: (IVCTþ IVRT) 3 ET1, where IVCT
represents the isovolumetric contraction time; IVRT, the
isovolumetric relaxation time; and ET, the ejection time.
The values were obtained through the long-axis,
4-chamber view, using the Doppler method, by positioning
the volume sample at the center of the tricuspid valve and
measuring the interval between the onset of valve closure
and the beginning of the next diastole (time a).
TheRVejection timewas calculatedwith the volume sam-
ple located in the RVoutflow tract (time b) through the para-
sternal short-axis view. The value of isovolumetric
contraction time þ isovolumetric relaxation time was ob-
tained by subtracting time a from time b. This result was
then divided by the ejection time, providing the RVMPI
value. The mean of 3 consecutive measurements were then
obtained to achieve the final RVMPI value for each goat.
The assessment of RV function under dobutamine infu-
sion was performed during 2 periods: before the surgical
procedure (baseline) and at protocol end (96 hours). During
the stress echocardiographic examination, a graded dobut-
amine infusion was started at 5 mg/kg/min and increased
at 3-minute intervals to 10, 20, 30, and 40 mg/kg/min.9
The endpoints were the achievement of a target heart rate,
defined as 1.7 of the baseline heart rate. When the target
heart rate was achieved, the echocardiographic parameters
RVEF and RVMPI were measured.
MORPHOLOGIC ASSESSMENT
The goats were humanely killed after 96 hours of the
study protocol. After harvesting the heart, the pericardial
fat, both atria, and semilunar valves were dissected from
it. The right ventricle, left ventricle, and ventricular septum
were separated using the Fulton technique, individually
weighed (METTLER AE-200; Mettler-Toledo AG, Grei-
fensee, Switzerland), and indexed to each goat’s body
weight. The water content was obtained individually in
each cardiac chamber by subtracting the collected sample
weight at necropsy from theweight of the dehydrated cham-
ber (70 hours at 60C). Values were obtained as a percentage
of weight change.
STATISTICAL ANALYSIS
The data are presented as the mean standard deviation.
A comparison of variables was performed with 2-way anal-
ysis of variance, except for body weight, wall masses, and
water content, which were performed with 1-way analysis
of variance. Both analyses were followed by the Bonferroni
post hoc test. The systolic overload imposed on the right
ventricle of the continuous and intermittent groups was as-
sessed by calculating the areas under the curve (trapezoidalThe Journal of Thoracic and Carmethod). The comparison between these areas was per-
formed using the unpaired Student t-test. Statistical analysis
was performed using GraphPad Prism, version 4 (GraphPad
Prism, La Jolla, Calif) and SigmaStat, version 3.11.0 (Systat
Software, Inc, Chicago, Ill).
RESULTS
Hemodynamic Measurements
The systolic RV-PT gradient increased in both study
groups (P < .001) and in every measurement period
(P < .001). It was greater than that in the sham group,
from the beginning of RV systolic overload (0 hour) until
the end of the protocol (P < .001). The area under the
RV-PT gradient curve was calculated, as a method of mea-
suring the RV systolic overload imposed on each group. The
systolic overload of the continuous group (4597  814 mm
Hg3 h) and intermittent group (2777  384.6 mm Hg3 h)
was greater than that in the sham group (480  101.10 mm
Hg 3 h). The continuous group was the most exposed to
systolic overload (P<.05). Parallel to the RV-PT gradient,
both study groups showed an increased RV/aorta systolic
pressure ratio over time (Table E1) compared with its re-
spective baseline value and with that in the sham group at
the same point (P<.001).
Echocardiographic Findings at Rest
Both continuous and intermittent groups had an increased
RV free wall thickness compared with the preoperative
measurements and the sham group at 72 and 96 hours
(P<.001). However, the RV thickness increase was signif-
icantly greater in the intermittent group at the end of the
protocol (5.38  0.82 mm) compared with that in the con-
tinuous (4.65  0.48 mm) and sham (3.36  0.08 mm)
groups (P ¼ .001). No differences were seen in the septum
and LV thicknesses among the 3 groups (P ¼ .10) or
throughout the protocol (P>.82). The graph showing the
RV free wall thickness changes throughout the protocol is
available on-line (Figure E1).
RV end-diastolic volume changes were significantly dif-
ferent between the 2 groups throughout the protocol
(P<.001). Both study groups showed a significant increase
in RVEDV immediately after the onset of RV systolic over-
load (intermittent, 112.33%  87.24%, P ¼ .002; and con-
tinuous, 98.3%  123.5%, P ¼ .007). At 24 hours, the
intermittent group had recovered RVEDV to a value compa-
rable to that in the sham group, but in the continuous group,
the RVEDV continued to be significantly increased at 24
(101.1%  70.3%, P ¼ .03), 72 (87.6%  87.3%,
P ¼ .03), and 96 (92.7%  89.9%, P ¼ .015) hours com-
pared with the sham group. The graph showing the RVend-
diastolic volume changes is available on-line (Figure E2).
The RVEF changes throughout the study period were sig-
nificantly different between groups (P<.001) and over time
(P < .001). Both study groups had significant RVEFdiovascular Surgery c Volume 145, Number 5 1347
FIGURE 1. Right ventricular ejection fraction (RVEF) of sham, continu-
ous, and intermittent groups, under dobutamine stress. A, Resting condition
(*P<.03 compared with that in sham group at measurement point) and, B,
dobutamine stress (*P<.03 compared with that in sham group at measure-
ment point). yP ¼ .032 compared with that in intermittent group at mea-
surement point.
FIGURE 2. Right ventricular myocardial performance index (RVMPI) of
sham, continuous, and intermittent groups, under dobutamine stress. A,
Resting condition (yP ¼ .012 compared with that in intermittent group at
measurement point) and, B, dobutamine stress (*P ¼ .002 compared
with baseline value; yP< .001 compared with that in intermittent and
sham groups at measurement point).
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load (intermittent,47.7% 26.9%, P¼ .001; and contin-
uous, 39.6%  27.8%, P ¼ .002). Subsequently, the
intermittent-group RVEF recovered to values comparable
to those in the sham group, and the continuous group main-
tained prolonged RVEF impairment at 24 (38.8% 
23.1%, P< .001) and 48 (19.6%  32.4%, P ¼ .029)
hours compared with the sham group. After 72 hours of sys-
tolic overload, the RVEF in both study groups had recov-
ered to values comparable to those in the sham group.
The RVEF data of the 3 groups throughout the study period
are shown on line in Table E2 and Figure E3.
In contrast to the RVEF findings, the RVMPI values in the
continuous group were worse after 72 hours (0.38  0.17)
and 96 hours (0.41  0.28) of systolic overload, with a sig-
nificant difference from that in the sham group at 72 hours
(0.16  0.08; P ¼ .009) and from both the sham (0.22 
0.07; P ¼ .039) and intermittent (0.10  0.03; P< .001)
groups at 96 hours. These data are also available on-line
(Table E3 and Figure E4).Echocardiographic Findings Under Pharmacologic
Stress
Dobutamine infusion caused a similar heart rate increase
in the 3 groups, at both baseline (P¼ .66) and the end of the1348 The Journal of Thoracic and Cardiovascular Surprotocol (P ¼ .10). The heart rate data are available on-line
(Table E4).
Figure 1 shows the RVEF before surgical intervention
(baseline) and at the end of the protocol, at rest (Figure 1,
A) and under pharmacologic stress (Figure 1, B). Although
the 3 groups completed the protocol with a normal RVEF at
rest, the continuous group had the smallest RVEF value
(63.00% 13.90%) compared with that in the sham group
(74.71%  4.19%; P ¼ .026). It was observed that the
RVEF in the intermittent group had improved after the ven-
tricular training period (72.33%  6.28%), relative to its
baseline condition (60.83%  5.34%; P ¼ .013). During
the dobutamine stress test, the RVEF in the 3 groups re-
mained within the normal range. However, the continuous
group again had the lowest RVEF (60.67%  20.30%)
compared with that in the sham (79.57%  8.02%;
P ¼ .026) and intermittent (76.33%  4.97%; P ¼ .032)
groups.
The RVMPI graph of the 3 groups during baseline and at
96 hours, at rest and under dobutamine stress is shown in
Figure 2. The baseline values were similar among the 3
groups, with or without dobutamine. However, the continu-
ous group had unfavorable RVMPI rates at the end of the
protocol, both at rest (0.32  0.17) and with dobutamine
stress (0.43  0.21) compared with the intermittent group
during rest (0.10  0.03; P < .012) and undergery c May 2013
TABLE 1. Cardiac mass weight of sham, continuous, and intermittent
groups, indexed to goat body weight
Cardiac mass
(g/kg)
Sham
(n ¼ 7)
Continuous
(n ¼ 6)
Intermittent
(n ¼ 6)
Right ventricle 0.76  0.12 1.21  0.11* 1.15  0.07*
Septum 0.86  0.10 1.18  0.12* 1.04  0.10*
Left ventricle 1.38  0.17 1.45  0.19 1.53  0.27
Data presented as mean  standard deviation. *P<.05 compared with sham group.
Favaro et al Evolving Technology/Basic Sciencepharmacologic stress (0.15  0.07; P< .012). Compared
with the sham group during dobutamine infusion (RVMPI,
0.18 0.11), the RVMPI of the continuous group increased
significantly (P<.001).Morphologic Findings
Cardiac mass weight. Both continuous and intermittent
systolic overload resulted in significant increases in RV (in-
termittent, 51.3%; continuous, 59.2%; P<.05) and septal
masses (intermittent, 20.9%; continuous, 37.2%; P ¼ .05)
compared with those in the sham group (Table 1). No signif-
icant changes were noted in LV mass (P ¼ .4662).
Myocardial water content. Aminor, although significant,
increase was seen in the water content of the RV myocar-
dium of the continuous (þ3.2%) and intermittent (þ3.0%)
groups (P ¼ .0102) compared with that in the sham group.
Similarly, increased water content was observed in the sep-
tum of the continuous (þ2.9%) and intermittent (þ2.4%)
groups (P ¼ .0028) compared with that in the sham group.
These data are available on-line in Table E5.E
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In the present study, we aimed to assess subpulmonary
ventricular function using 2 pulmonary trunk banding pro-
tocols, focusing on a more sensitive method to detect early
disturbances in ventricular function during the process of
rapid RV hypertrophy. In addition to Simpson’s method,
we used the MPI to evaluate ventricular function with
a greater sensitivity and accuracy, especially in goats, which
usually have poor imaging windows because of their keel-
shaped chest. The combination of RVMPI calculation,
which did not require morphologic analysis of the heart
chamber or the perfect visualization of endocardial borders,
with stress echocardiography resulted in significant im-
provement in ventricular function assessment in this rapid
ventricular hypertrophy protocol. It was clearly demon-
strated that intermittent systolic overload, although quanti-
tatively smaller than continuous overload, has promoted
functionally superior hypertrophy under dobutamine stress
at the 96-hour study period. Even at rest, the intermittent
group had a significantly more favorable RVMPI than the
continuous group had after the training period. However,
both study groups evolved with important RVEF impair-
ment immediately after starting the protocol, owing to acuteThe Journal of Thoracic and Carsystolic overload of 70% systemic pressure, which resulted
in RV systolic dysfunction earlier in the protocol. In con-
trast to the RVMPI results, the initial RVEF worsening re-
covered by the end of the protocol in both study groups,
to values comparable to those in the sham group, with or
without dobutamine infusion. Therefore, systolic dysfunc-
tion might have occurred in both study groups at the begin-
ning, with diastolic dysfunction only in the continuous
group at the end of the protocol. RVMPI worsening might
have been caused by a diastolic disorder, although it is
not possible to quantify isolated systolic or diastolic index
changes. At the end of protocol, the difference between
the 2 echocardiographic methods was more evident with
the MPI, which should indicate a greater sensitivity for as-
sessing ventricular function and enhance diagnostic confi-
dence in ventricular retraining.
Regarding the RV end diastolic volume, continuous sys-
tolic overload resulted in persistent dilation throughout the
protocol. This could also reflect worse ventricular adapta-
tion in the continuous group. However, the 12-hour resting
periods might have optimized subendocardial coronary flow
in the intermittent group and, consequently, replenished en-
ergy substrates to the myocardial hypertrophy process, lim-
iting the severity of systolic overload. That would probably
provide a better adaptation and consequent preservation of
ventricular function in the intermittent group at periods of
systolic overload.
MPI has been used in a wide variety of heart diseases in
adults and children, including congenital univentricular
heart lesions and in the follow-up of cavopulmonary con-
nections.10 Its use has recently been reported in fetal echo-
cardiography.11 Previous studies from Tei and colleagues12
have demonstrated the usefulness of the MPI in the evalua-
tion of systolic and diastolic dysfunction in patients with id-
iopathic dilated cardiomyopathy. In aortic stenosis, MPI is
used to assess both the severity of aortic stenosis and the
presence of LV contractile reserve.13 It can provide impor-
tant prognostic information in patients with associated LV
systolic dysfunction, because surgical treatment with aortic
valve replacement appears to improve the outcome for most
patients with LV contractile reserve. In contrast, surgery is
associated with highmortality in the absence of a contractile
reserve. Similarly, we can derive the same MPI capacity to
differentiate goats with RV systolic overload, artificially in-
duced by PAB, among those with or without preserved ven-
tricular function.
The results of the present study might reflect the morpho-
logic findings of Carroll and colleagues14 in pigs that under-
went continuous systolic overload for 7 hours. They found
intense inflammatory infiltrate in the myocardium, with
foci of cellular necrosis in varying degrees and subsequent
late ventricular dysfunction, probably related to unbalanced
oxygen demand in the hypertrophic myocardium. Evidence
has shown that abrupt systolic overload can evolve, withdiovascular Surgery c Volume 145, Number 5 1349
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just isolated filling restriction, as demonstrated by Leeu-
wenburgh and colleagues.15 They have demonstrated de-
creased cardiac output in young sheep that underwent
PAB, despite the better RV contractility. This divergence
is probably related to diastolic dysfunction, by increased
RV relaxation time and decreased ventricular compliance.
Therefore, the assessment of diastolic function should ide-
ally be a part of the echocardiographic examination during
subpulmonary ventricle retraining.
Morphologic Versus Echocardiographic Assessment
of Hypertrophy
According to the echocardiographic analysis, the inter-
mittent group had a greater RV free wall thickness than
the continuous group, despite less exposure to systolic over-
load. These data were not supported by the morphologic
analysis. Both protocols promoted an increase in septal
and RV masses of similar magnitude in the study groups.
Perhaps, the greater RV dilation observed by echocardiog-
raphy in the goats in the continuous group influenced the in-
terpretation of the RV free wall thickness. Regarding
myocardial water content, the mild increase observed in
the septum and right ventricle in both trained groups would
not justify the increased myocardial mass weight, suggest-
ing that it was probably related to increased protein synthe-
sis and cell proliferation triggered by systolic overload and
not to cellular and/or interstitial edema, as previously docu-
mented by Abduch and colleagues.16
Clinical Implications
The preparation of the subpulmonary ventricle, required
to perform the 2-stage Jatene operation beyond the neonatal
period, is still considered an alternative approach in several
pediatric cardiology centers worldwide. According to Kang
and colleagues,17 late diagnosis of congenital heart disease
is remarkable in several countries and up to 95% of infants
remain untreated. However, the echocardiographic, hemo-
dynamic, and clinical criteria in decision making for the op-
timal surgical treatment of TGA beyond the neonatal period
are still controversial. The presence of LV collapse on echo-
cardiography, a ventricular mass index less than 35 g/m2,
LV/systemic blood pressure ratio less than 0.67, and age
older than 3 weeks are parameters suggested by several in-
vestigators to select candidates for ventricular retraining
before anatomic repair.18,19 In addition to the controversy
about those parameters and the quality of myocardial
tissue hypertrophy, the indication for the 2-stage operation
has been debated. Several centers have reported satisfactory
results with primary anatomic repair in unfavorable cases
usingmechanical circulatory support devices or extracorpo-
real membrane oxygenation.20 Nevertheless, the obtained
results have still been difficult to reproduce in other centers.
Notwithstanding the uncertainties, with the current1350 The Journal of Thoracic and Cardiovascular Surdevelopment of the ventricular retraining technique and be-
cause of the unavailability of the routine use of extracorpo-
real membrane oxygenation or ventricular assist devices in
some cardiac centers, and the RV late dysfunction occurring
after the Mustard and Senning operations, LV retraining re-
mains as an important option for the 2-stage Jatene opera-
tion in selected cases. As mentioned previously, the high
morbidity and mortality rates observed with traditional
PAB are probably related to the intense and abrupt contin-
uous pressure overload and can cause LV dysfunction, neo-
aortic regurgitation, and RV outflow tract obstruction.
Therefore, intermittent systolic overload to prepare the sub-
pulmonary ventricle, simulating the physical conditioning
of athletes, might provide a better customization of ventric-
ular retraining and improve its effects on myocardial func-
tion. Accordingly, a more physiologic hypertrophymight be
achieved, aiming at preservation of future ventricular func-
tion. The results of the present study suggest that intermit-
tent systolic overload can improve clinical management
during LV retraining interstage for patients with TGA be-
yond the neonatal period and in those with congenitally cor-
rected TGA or after atrial baffle operations with RV failure.
It could favorably affect the results for a 2-stage Jatene
operation.
Study Limitations
Considering the limitations of clinical inferences from
observations of experimental studies, we cannot be certain
sure that the behavior of the human left ventricle with
TGA would act exactly the same as observed in the right
ventricle of young goats. Although the architecture of the
cardiomyocytes in the RV walls is comparable to that found
in the left ventricle in terms of endocardial and epicardial
helical angles, the right ventricle in both the normal and
the hypertrophied state lacks the extensive zone of circular
myocytes seen in the midportion of the LV walls. This ar-
chitectural arrangement in a circular fashion can generate
greater cavity pressures, with important implications in
the systolic and diastolic functions of the left ventricle.21
Another important concern is that the continuous systolic
overload imposed on the right ventricle was adjustable
and not created with a traditional fixed band, commonly
used in clinical practice. In the present study, the systolic
overload might be less acute and intense using a percutane-
ously adjustable PAB than when using traditional PAB, in
which no changes are possible during ventricular retraining.
Nevertheless, the coronary arterial circulation is not submit-
ted to a hypertensive regimen, which is more closely related
to the rapid 2-stage approach.16 Regarding the MPI, it is im-
portant to emphasize that no reference values have been es-
tablished for goats. Even in children and neonates,
a disparity exists between the normal values.22 In the pres-
ent study, the baseline values were taken as a reference for
subsequent analysis during the systolic overload protocol.gery c May 2013
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creased ventricular preload or myocardial infarction, there
is a good correlation between the values measured by the
MPI using conventional Doppler and tissue Doppler, which
was not possible in these animals because of the absence of
an apical 4-chamber view.23,24
CONCLUSIONS
The results of the present study have demonstrated that
both systolic overload protocols promoted ventricular hy-
pertrophy that was more evident in the intermittent group
on echocardiography, despite less exposure to RV systolic
overload. There was preservation of systolic and diastolic
function in the intermittent group, both at rest and during
dobutamine stress. In contrast, the functional performance
of the continuous group was worse during rest and pharma-
cologic stress. The use of MPI in conjunction with stress
echocardiography improved the accuracy of the diagnosis
in assessment of dysfunction during subpulmonary ventri-
cle retraining.
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FIGURE E1. Right ventricular (RV) thickness changes in sham, continuous, and intermittent groups throughout protocol. yP<.001 compared with that of
sham group; *P<.001 compared with respective baseline value; and zP ¼ .015 compared with that in continuous group at same measurement point.
FIGURE E2. Right ventricular (RV) end-diastolic volume changes in sham, continuous, and intermittent groups throughout protocol. yP<.03 compared
with that of sham group; *P ¼ .028 compared with its respective preoperative (Preop) value.
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FIGURE E3. Right ventricular (RV) ejection fraction changes (%) of sham, continuous, and intermittent groups throughout protocol, under resting con-
ditions. yP<.029 compared with that in intermittent group at same measurement point; *P<.002 compared with its respective preoperative (Preop) value;
and zP ¼ .006 compared with that in sham group at same measurement point.
FIGURE E4. Right ventricular (RV)myocardial performance index changes (%) of sham, continuous, and intermittent groups throughout protocol, under
resting conditions. ¤P<.04 compared with that in sham group at same measurement point; and #P<.001 compared with that in intermittent group at same
measurement point.
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TABLE E2. RVEF of sham, continuous, and intermittent groups
throughout protocol
Measurement
point (h)
Sham
(n ¼ 7)
Continuous
(n ¼ 6)
Intermittent
(n ¼ 6)
Preoperative 77.43  4.89 66.17  7.28 60.83  5.34*
0 70.00  6.27 40.00  18.38*,y 31.83  16.35*,y
24 76.14  5.90 40.50  15.27*,y 54.83  13.20*
48 77.29  6.24 53.20  21.41* 65.33  6.19
72 76.00  6.78 63.00  16.47 69.00  8.65
96 74.71  4.19 63.00  13.90 72.33  6.28
Data presented as  standard deviation. RVEF, Right ventricular ejection fraction.
*P<.02 compared with sham group for same measurement point. yP<.001 com-
pared with preoperative value.
TABLE E3. RVMPI of sham, continuous, and intermittent groups
throughout protocol
Measurement
point (h)
Sham
(n ¼ 7)
Continuous
(n ¼ 6)
Intermittent
(n ¼ 6)
Preoperative 0.26  0.15 0.26  0.09 0.21  0.05
0 0.24  0.16 0.26  0.20 0.19  0.09
24 0.27  0.16 0.19  0.03 0.12  0.05
48 0.20  0.12 0.28  0.09 0.16  0.09
72 0.16  0.08 0.38  0.17* 0.21  0.13
96 0.22  0.07 0.41  0.28*,y 0.10  0.03
Data presented as mean  standard deviation. RVMPI, Right ventricular myocardial
performance index. *P< .039 compared with sham group for same measurement
point. yP<.001 compared with intermittent group for same measurement point.
TABLE E1. RV/aorta systolic pressure ratio of sham, continuous, and
intermittent groups throughout protocol
Measurement
point (h)
Sham
(n ¼ 7)
Continuous
(n ¼ 6)
Intermittent
(n ¼ 6)
Baseline 0.36  0.06 0.33  0.05 0.32  0.05
0 0.36  0.06 0.66  0.08* 0.70  0.06*
24 0.34  0.06 0.72  0.10* 0.75  0.05*
48 0.33  0.08 0.78  0.14* 0.78  0.09*
72 0.38  0.10 0.93  0.30* 0.81  0.15*
96 0.28  0.06 0.71  0.23* 0.81  0.12*
Data presented as mean  standard deviation. RV, Right ventricular. *P<.001 com-
pared with sham group at same measurement point and respective baseline value.
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TABLE E4. Heart rate of sham, continuous, and intermittent groups at rest and under pharmacologic stress, with respective doses of dobutamine
reached by each group
Measurement point Group HR at rest (bpm) Dobutamine dose (mg/kg/min) D% HR HR with stress (bpm)
Baseline
Sham 134.86  23.36 31.43  9.00 60.99  20.21 206.29  48.22
Continuous 131.50  16.88 36.67  8.16 59.79  21.05 210.33  39.70
Intermittent 126.00  12.70 30.00  12.60 84.69  30.50 229.83  17.50
96-h
Sham 114.86  22.93 30.71  13.67 61.81  16.11 184.86  36.10
Continuous 131.83  14.62 35.00  8.37 56.16  29.88 204.67  36.30
Intermittent 130.00  16.94 24.17  13.57 72.20  7.00 223.33  24.68
Baseline, P ¼ .66 between groups; 96-h, P ¼ .10 between groups. HR, Heart rate; HR with stress, heart rate during dobutamine infusion.
TABLEE5. Water content of cardiac masses of sham, continuous, and
intermittent groups
Cardiac mass
(g/kg) Sham (n ¼ 6) Continuous Intermittent
P
value
Right ventricle 78.84  2.41 82.00  1.11* 81.85  1.41* .0102
Septum 77.11  2.08 80.04  0.27* 79.53  0.75* .0028
Left ventricle 78.20  1.89 79.23  0.40 79.08  0.69 .2887
Data presented as mean  standard deviation. *P<.01 compared with sham group.
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